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     An increase in the public’s demand for health value-added food products has 
prompted experiments to fortify functional nutrients into commonly consumed animal 
products such as eggs and chicken (Sim and Qi, 1995; Surai and Sparks, 2001; Perić et 
al., 2011; Fraeye et al., 2012).  Currently, the average American consumes over 40 kg 
of broiler chicken and 250 eggs annually (USDA Economic Research Service, 2006), 
making these products excellent candidates for the desired enrichments.  While chicken 
meat and eggs provide abundant essential amino acids and other key nutrients, they 
are relatively high in omega-6 (n-6) fatty acids and low in omega-3 (n-3) fatty acids.   
The opposing physiological effects of n-6 and n-3 fatty acids render these nutrients to 
be referred to as potentially pro-inflammatory and anti-inflammatory, respectively 
(Schmitz and Ecker, 2008).  For this reason, the ratio of n-6 to n-3 fatty acids in foods is 
considered an important factor for human health (Simopoulos, 2008). 
 
Current n-3 fatty acid-enriched animal products 
 
     The n-3 fatty acids are a group of polyunsaturated fatty acids that include α-linolenic 
acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA). Improved 
intakes of n-3 fatty acids have been linked to reducing risks and prevalence of chronic 
diseases including diabetes, cardiovascular disease, arthritis and cancer (Daviglus et 
al., 1997; Albert et al., 1998; Ruggiero et al., 2009; Sala-Vila and Calder, 2011; 
Delgado-Lista et al., 2012).  Recently, attempts at increasing the n-3 fatty acid content 
of animal products via feeding plant-based flaxseed (Jiang et al., 1991; Jia et al., 2008; 
Najib and Al-Yousef, 2011; Kartikasari et al., 2012; Anjum et al., 2013) or canola oil 
(Gallardo et al., 2012) have yielded moderate success. However, those increases are 
due to a large deposition of ALA, but not the longer-chain DHA or EPA.   Because the 
conversion of ALA to EPA, and then to DHA in vivo is extremely low, animal products 
with enriched n-3 fatty acids from those plant-based ingredients have limited health 
value.  Meanwhile, dietary inclusion of DHA and EPA-rich fish oil or fishmeal has been 
investigated as a means of enriching the desirable n-3 fatty acid in broiler chicken 
(Edwards and May, 1965; Hulan et al., 1988; Lopez-Ferrer et al., 2001) and eggs 
(Leskanich and Noble, 1997).  However, EPA and DHA contain a greater number of 
double bonds and are more susceptible to oxidative breakdown than ALA, ultimately 
leading to an unacceptable flavor in the animal products (Fraeye et al., 2012).   
      
 
 
Nutritional roles for defatted microalgal biomass 
 
     Global population is expected to grow by almost 30% to 9 billion by the year 2050 
(Secretariat, 2006), which leads to greater food demands. (Bruinsma, 2003; Secretariat, 
2006).  As animal products contribute approximately 30% and 40% of the calorie and 
protein intake, respectively, worldwide, a substantial expansion of the current animal 
production system will be needed to meet increasing food demands. However, one of 
the major constraints for the expansion of animal production is the shortage of feed 
protein supplements.     
 
     One potential alternative feed protein supplement is marine microalgae, due to their 
excellent nutritional composition.  Crude protein contents in microalgae range from 6-
71% of dry matter, depending on species and culture conditions (Becker, 2007). The 
microalgal biomass contains measureable amounts of essential amino acids (Gatrell et 
al., 2014a) that compare favorably with conventional ingredients such as corn and 
soybean meal.  Marine microalgae also have a superior fatty acid profile compared to 
other feed protein sources, particularly a greater abundance of EPA and DHA 
(Fredriksson et al., 2006; Kalogeropoulos et al., 2010).  Microalgae also contain 
naturally occurring carotenoids, including β-carotene and astaxanthin (Spolaore et al., 
2006), which may help stabilize the n-3 fatty acids in the feeds and animal products 
(Barclay et al., 1994) 
 
Health value of defatted microalgae for enriching n-3 fatty acids in animal products  
 
     As mentioned above, current n-3 fatty acid-fortified eggs and meats are produced by 
dietary inclusion of flaxseed, canola oil, fish oil, or fishmeal. In comparison with the 
inherent limitations of these ingredients, supplementation of marine microalgae may be 
advantageous due to their high levels of EPA and DHA as well as free-radical 
scavenging carotenoids.  Initial results have shown promise with microalgae 
supplementation in poultry diets. Laying hens fed various species of microalgae all 
produced eggs with increased levels of n-3 fatty acids, specifically EPA and DHA (Abril 
et al., 1999; Fredriksson et al., 2006).  Similarly, breast muscle from broiler chicks fed 
marine microalgae had increased n-3 content and an improved n-6 to n-3 fatty acid ratio 
(Mooney et al., 1998). 
 
     Our laboratory has conducted a series of experiments to assess the feasibility of 
creating n-3 fatty acid enriched eggs and chicken using various types of defatted marine 
microalgal biomass.  We have demonstrated a linear increase of EPA and DHA in 
breast, thigh muscle, liver, and plasma of broiler chicks fed a defatted green microalgal 
biomass (Gatrell et al., 2014b).  We have also shown that the defatted microalgal 
biomass alleviated negative effects of a high flaxseed oil inclusion on the health of 
laying hens, along with improvement in the egg yolk EPA content (Kim et al., 2014).  
Ongoing research is revealing impacts of the resultant enrichments of EPA and DHA on 





     Our past studies have proven that the defatted marine microalgal biomass from 
biofuel production research is an excellent alternative of soybean meal as a feed protein 
supplement. We have conducted a new series of experiments to illustrate that the same 
biomass, due to a high content of long chain n-3 fatty acids, may provide a unique 
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